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The spectroscopic parameters and partial decay widths of the light mesons a0(980) and K
∗
0 (800)
are calculated by treating them as scalar diquark-antidiquark states. The masses and couplings
of the mesons are found in the framework of QCD two-point sum rule approach. The widths of
the decay channels a0(980) → ηpi and a0(980) → KK¯, and K
∗
0 (800) → K
+pi− and K∗0 (800) →
K0pi0 are evaluated using QCD sum rules on the light-cone and technical tools of the soft meson
approximation. Our results for the mass of the mesonsma0 = 991
+29
−27 MeV andmK∗ = 767
+38
−29 MeV,
as well as their total width Γa0 = 62.01 ± 14.37 MeV and ΓK∗0 = 401.1 ± 87.1 MeV are compared
with last experimental data.
I. INTRODUCTION
The experimental investigation of the light scalar
mesons and theoretical interpretation of obtained data
remains one of intriguing problems in high energy
physics. Experimental information on parameters of
these particles suffers from large uncertainties: Their
masses and widths are sometimes known with ∼ 100 MeV
accuracy [1]. The status of some of these particles is still
unclear, even their existence is under question.
The theoretical interpretations of light scalars also
meet with well-known troubles. Really, the nonet
of scalar particles in the conventional quark-antiquark
model of mesons may be realized as 13P0 states. The
masses of these scalars, in accordance with various model
calculations are higher than 1 GeV. In fact, the isoscalar
mesons f0(1370) and f0(1710), the isovector a0(1450)
or isospinor K∗0 (1430) states were identified as members
of the 13P0 multiplet. But masses of the mesons from
the light scalar nonet lie below 1 GeV. Therefore, dur-
ing a long time the broad scalar resonances f0(500) and
K∗0 (800), relatively narrow states f0(980) and a0(980)
are subject of controversial theoretical hypothesis and
suggestions. The main idea behind attempts to explain
unusual features of these states is an assumption about
four-quark (diquark-antidiquark or meson-meson) nature
of these mesons [2–4]. Within this scheme quantum num-
bers and low masses, as well as mass hierarchy inside
of the light nonet seem receive reasonable explanations.
The present-day physics of the light scalars consists of
different ideas, models and theories. The comprehensive
information on these issues can be found in the review
articles [5–8].
The diquark-antidiquark picture allows one to answer
essential questions about internal organization of light
scalar mesons, and calculate spectroscopic parameters
and decay width of these particles [2, 9, 10]. In this
model the scalar mesons emerge as the nonet of particles
composed of four valence quarks. Within the nonet the
SUf(3) flavor octet and singlet states may mix to create
the physical mesons f0(500) and f0(980). The situation
here is similar to the well-known mixing phenomenon in
the η− η′ system of the pseudoscalar mesons. The other
two scalar particles a0(500) and K
∗
0 (800) may be identi-
fied with the isotriplet and isospinor members of the light
multiplet. A model of the scalar mesons above and be-
low 1 GeV was proposed in Ref. [11], in which the heavy
nonet is the conventional qq nonet mixed with the glue-
ball, whereas the light nonet has a four-quark composi-
tion with the diquark-antidiquark or molecule-like struc-
tures. An interesting suggestion about the structure of
the scalar mesons was proposed recently in Ref. [12]. In
this picture not only light mesons but also the heavy ones
are collected into two nonet of the scalar particles with
diquark-antidiquark structure: The physical mesons are
mixtures of the spin-0 diquarks from (3c,3f ) representa-
tion with spin-1 diquarks from (6c, 3f ) representation of
the color-flavor group.
The diquark-antidiquark model allowed one to calcu-
late parameters of the light scalars and explore their
strong and electromagnetic decay channels. To this end,
different calculational schemes and methods were used.
Thus, the masses of the f0(500), f0(980), a0(980) and
K∗0 (800) mesons were calculated in Ref. [13] in the frame-
work of the relativistic diquark-antidiquark approach and
nice agreements with the data were found. In the context
of the four-quark Bethe-Salpeter equation the same prob-
lem was addressed in Ref. [14]. The two-pseudoscalar and
two-photon decays of the mesons from the light scalar
nonet were studied in Ref. [15].
Intensive investigations of the light scalar mesons were
performed using QCD sum rules method [16–24]. In
these papers apart from the pure diquark-antidiquarks
the light scalars were treated also as mixtures of diquark-
antidiquarks with different flavor structures or as su-
perpositions of diquark-antidiquark and quark-antiquark
components. The aforementioned modification were in-
troduced by the authors mainly to achieve an agreement
between theoretical predictions and experimental data.
The sum rules with inclusion of instanton effects were
employed in Ref. [23] to evaluate masses of the scalar
mesons above 1 GeV. It was demonstrated, that instan-
ton effects separate the mesons’ masses from each other
2removing the degeneracy of the conventional sum rules
predictions.
In our work [25] we calculated the masses of the mesons
f0(500) and f0(980) by considering them as states com-
posed of scalar diquarks. We took into account the mix-
ing of flavor octet and singlet diquark-antidiquarks that
create the physical mesons and, at the same time, ne-
glected their possible mixing with tetraquarks built of
the spin-1 diquarks. Obtained in this work predictions
for the masses of the scalar mesons are in reasonable
agreement with existing data. The mixing of the flavor
octet and singlet diquark-antidiquarks used in Ref. [25] to
calculate spectroscopic parameters of the mesons f0(500)
and f0(980) had important consequences for studying
of their decay channels. Indeed, without octet-singlet
mixing the decays of different scalar mesons proceed
through different mechanisms. For example, the process
f0(980) → KK is the superallowed Okubo-Zweig-Iizuka
(OZI) decay, whereas f0(980) → ππ can proceed due to
one gluon exchange [18]. The octet-singlet mixing allows
one to treat all of the light scalar mesons’ decay channels
employing the OZI mechanism, and explain differences in
their partial widths by the mixing parameters. The de-
cays of the f0(500) and f0(980) mesons in this framework
were evaluated in Ref. [26].
The present work is an extension of our previous stud-
ies devoted to spectroscopy and decay properties of the
light scalar mesons [25, 26]. We treat them as diquark-
antidiquark states composed of the scalar diquarks by
ignoring their possible mixing with spin-1 diquarks. We
calculate the spectroscopic parameters of the mesons
a0(980) and K
∗
0 (800), evaluate their partial decay widths
and, as a result, total widths of these particles. All inves-
tigations are performed using QCD sum rule method: In
order to calculate the mass and coupling of the mesons
we employ QCD two-point sum rule approach by in-
cluding into analysis quark, gluon and mixing vacuum
condensates up to dimension ten [27, 28]. The sum
rules for the strong couplings of the vertices a0(980)ηπ
0,
a0(980)K
+K−, K∗0 (800)K
+π− and K∗0 (800)K
0π0 are
derived using light-cone sum rule (LCSR) method [29]
and technical tools of the soft-meson approximation [30],
which was adapted in Ref. [31] to study tetraquark-
meson-meson vertices. This approach was successfully
applied to evaluate strong couplings and widths of nu-
merous decays involving tetraquarks [32, 33], including
the light axial-vector meson a1(1420) [34].
This paper is organized in the following way: In
the section II we calculate the mass and coupling of
the mesons a0(980) and K
∗
0 (800). In the section III
we derive the sum rules to evaluate the strong cou-
plings gaηpi, gaKK , gK∗Kpi and gK∗K0pi0 . The obtained
results are utilized in Sec. IV for numerical evalua-
tion of the strong couplings and widths of the decays
a0(980) → ηπ0, a0(980) → K+K−, K∗0 (800) → K+π−
and K∗0 (800) → K0π0, and total widths of the mesons
a0(980) and K
∗
0 (800). In Section V we discuss obtained
results and present our concluding notes.
II. MASS AND COUPLING OF THE MESONS
a0(980) AND K
∗
0 (800)
The mass and coupling of the mesons a0(980) and
K∗0 (800) can be calculated within QCD two-point sum
rule method. We consider here in details all necessary
steps to find the mass and coupling of the a0(980) me-
son and provide only final expressions and results for the
K∗0 (800) meson.
The mass and coupling of a0(980) can be extracted
from the sum rule analysis of the two-point correlation
function
Π(p) = i
∫
d4xeipx〈0|T {J(x)J†(0)}|0〉, (1)
where J(x) is the interpolating current to the a0(980) me-
son. In the diquark-antidiquark model it can be written
in the following form
J(x) =
ǫǫ˜√
2
[(
uTaCγ5sb
) (
udγ5Cs
T
e
)
− (dTaCγ5sb) (ddγ5CsTe )] , (2)
where C is the charge conjugation operator. Here we also
use the short-hand notation ǫǫ˜ = ǫabcǫdec with a, b, c, d
and e being the color indices. Let us note that we use the
conventional two-point sum rules neglecting the possible
instanton effects in the correlation function Π(p).
In accordance with standard prescriptions of the sum
rule computations the correlation function Π(p) should
be found by employing both the physical parameters of
the a0(980) meson, i. e. its mass ma0 and coupling fa0
and in terms of the light-quark propagators, and as a
result, in terms of various quark, gluon and mixed vac-
uum condensates. By matching the obtained results and
benefiting from the assumption on the quark-hadron du-
ality it is possible to extract sum rules and evaluate the
physical parameters of interest.
In the case under consideration the physical side of the
sum rule takes the simple form
ΠPhys(p) =
〈0|J |a0(p)〉〈a0(p)|J†|0〉
m2a0 − p2
+ . . . , (3)
because the a0(980) meson is the ground-state particle:
The contributions coming from the excited and contin-
uum states are shown in Eq. (3) by dots. To express
ΠPhys(p) in terms of the parameters ma0 and fa0 we in-
troduce the matrix element
〈0|J |a0(p)〉 = fa0ma0 , (4)
and get
ΠPhys(p) =
f2a0m
2
a0
m2a0 − p2
+ . . . .
Effect of the excited states and continuum on the
ΠPhys(p) can be suppressed by means of the Borel trans-
formation which yields
BΠPhys(p) = f2a0m2a0e−m
2
a0
/M2 + . . . , (5)
3where M2 is the Borel parameter. In Eq. (5) by dots
we again denote contributions of the excited states and
continuum which will be subtracted from Borel transfor-
mation of ΠOPE(p) to derive the required sum rules.
The ΠOPE(p) that constitutes the second part of the
sum rule’s equality is obtained from Eq. (1) using the
explicit expression for the interpolating current J(x) and
contracting the relevant quarks fields. As a result for
ΠOPE(p) we find
ΠOPE(p) = i
∫
d4xeipx
ǫǫ˜ǫ′ǫ˜′
2
{
Tr
[
γ5S˜
e′e
s (−x)γ5
×Sd′du (−x)
]
Tr
[
γ5S˜
aa′
u (x)γ5S
bb′
s (x)
]
+ (u↔ d)
}
.
(6)
In the expression above
S˜s(q)(x) = CS
T
s(q)(x)C,
where Ss(q)(x) are the s and q = u, d quarks’ propagators
Sabq (x) = iδab
/x
2π2x4
− δab mq
4π2x2
− δab 〈qq〉
12
+iδab
/xmq〈qq〉
48
− δab x
2
192
〈qgsσGq〉
−i gsG
αβ
ab
32π2x2
[/xσαβ + σαβ/x] + iδab
x2/xmq
1152
〈qgsσGq〉
−iδabx
2/xg2s〈qq〉2
7776
− δabx
4〈qq〉〈g2sG2〉
27648
+ ... (7)
In the present work we calculate the correlation func-
tion by taking into account nonperturbative terms up to
dimension ten.
The Borel transform of the correlator BΠOPE(p) =
ΠOPE(M2) can be calculated using either the spectral
density ρ(s) which is proportional to imaginary part of
ΠOPE(p) or by applying the Borel transformation directly
to ΠOPE(p). If necessary, ΠOPE(M2) may be computed
utilizing both of these approaches. These routine oper-
ations were explained numerously in existing literature,
therefore we do not concentrate on these questions here.
The obtained expression for ΠOPE(M2) has to be equated
to Eq. (5), and one also has to perform the continuum
subtraction. After these manipulations we find the fol-
lowing sum rule
f2a0m
2
a0e
−m2
a0
/M2 = ΠOPE(M2, s0), (8)
where ΠOPE(M2, s0) is now the continuum subtracted
correlation function. In Eq. (8) s0 is the continuum
threshold parameter: It separates from each other contri-
bution of the ground-state term and effects due to excited
states and continuum. The second sum rule is derived by
applying operator d/d(−1/M2) to Eq. (8)
f2a0m
4
a0e
−m2
a0
/M2 = Π˜OPE(M2, s0), (9)
where Π˜OPE(M2, s0) = d/d(−1/M2)ΠOPE(M2, s0).
These two sum rules can be employed to evaluate the
parameters ma0 and fa0 :
m2a0 =
Π˜OPE(M2, s0)
ΠOPE(M2, s0)
, (10)
and
f2a0 =
em
2
a0
/M2
m2a0
ΠOPE(M2, s0). (11)
The sum rules for the parameters of the mesonK∗0 (800)
can be found by the same manner. Differences in this case
are connected with the interpolating current of K∗0 (800)
defined by the expression
JK
∗
(x) = ǫǫ˜
(
uTaCγ5db
) (
udγ5Cse
T
)
, (12)
and with the matrix element
〈0|JK∗ |K∗0 (p)〉 = fK∗mK∗ , (13)
where mK∗ and fK∗ are the mass and coupling of the
state K∗0 (800). The phenomenological side of the sum
rule after evident replacements is given by Eq. (5),
whereas the ΠOPEK∗ (p) takes the following form
ΠOPEK∗ (p) = i
∫
d4xeipxǫǫ˜ǫ′ǫ˜′Tr
[
γ5S˜
e′e
s (−x)
×γ5Sd
′d
u (−x)
]
Tr
[
γ5S˜
aa′
u (x)γ5S
bb′
d (x)
]
. (14)
The remaining operations are standard and do not dif-
fer from ones described above in the case of the a0(980)
meson.
The numerical computations require to specify values
of various parameters that enter to the quark propaga-
tors, and, as a result, to the sum rules for the mass and
coupling. Among them the vacuum expectation values of
the quark, gluon and mixed local operators are important
ones:
〈q¯q〉 = −(0.24± 0.01)3 GeV3, 〈s¯s〉 = 0.8 〈q¯q〉,
m20 = (0.8± 0.1) GeV2, 〈qgsσGq〉 = m20〈qq〉,
〈sgsσGs〉 = m20〈s¯s〉,
〈αsG
2
π
〉 = (0.012± 0.004)GeV4. (15)
These condensates enter to the propagator of a light
quark and have different dimensions. The terms
〈qgsσGq〉, 〈sgsσGs〉 shown in Eq. (15) as well as other
ones ∼ 〈qq〉2, ∼ 〈qq〉〈g2sG2〉 are obtained using the factor-
ization hypothesis of the higher dimension condensates.
However, the factorization assumption is not precise and
its violation is stronger for higher dimension condensates
(see Ref. [35]). For dimension ten condensates even the
order of magnitude of such a violation is unclear. But
here we employ this assumption by ignoring possible the-
oretical uncertainties generated by its violation.
4In the present work we neglect the masses of the u
and d quarks, but set ms 6= 0 and use in calcula-
tions ms = 128 ± 10 MeV. Our expressions depend
also on auxiliary parameters M2 and s0 the choice of
which has to satisfy standard restrictions. Thus, we de-
termine the upper limit M2max of the working window
M2 ∈ [M2min, M2max] by requiring fulfillment of the con-
dition imposed on the pole contribution
PC =
Π(M2max, s0)
Π(M2max, ∞)
> 0.10. (16)
The lower bound of the Borel parameter M2min is
fixed from convergence of the operator product expan-
sion (OPE). By quantifying this constraint we require
that a contribution of the last term in OPE should be
around of 5%, i. e.
ΠDim10(M2min, s0)
Π(M2min, s0)
≈ 0.05, (17)
has to be obeyed. Another restriction to M2min is con-
nected with the perturbative contribution to sum rules.
In the present work we apply the following criterion: at
the lower bound ofM2 the perturbative contribution has
to constitute more than 70% part of the full result.
Boundaries of s0 are fixed by analyzing the pole con-
tribution to get its greatest accessible values. Minimal
dependence of extracted quantities on M2 while vary-
ing s0 is another constraint that has to be imposed when
choosing a region for this parameter. Performed analyses
lead to the following working windows for M2 and s0:
M2 ∈ [1.1, 1.4] GeV2, s0 ∈ [1.7, 1.9] GeV2. (18)
In these regions all of constraints imposed on the corre-
lation function are satisfied. In fact, at M2max the pole
contribution PC equals to 0.115, whereas at M2min it
amounts to 78% of the result. In other words, Eq. (16)
determines only the lower limit for the PC: in the full in-
terval for M2 the pole contribution is large which should
lead to reliable sum rules’ predictions. At the mini-
mal allowed value of the Borel parameter contribution of
Dim10 term constitutes up to 5.5% of the whole result.
And perturbative component of the correlation function
Π(M2min, s0) forms its no less than 0.71 part.
In Figs. 1 and 2 we depict the sum rules results for the
mass and coupling of the a0(980) state as functions of the
Borel and continuum threshold parameters. It is seen,
that predictions for the mass and coupling are rather
stable against varying of both M2 and s0. In the case of
the mass the stability of the result has standard expla-
nation: In fact, the sum rule for the mass ma0 depends
on the ratio of the correlation function and its derivative
(10), where uncertainties to a great extend cancel ren-
dering the mass very stable in the working regions ofM2
and s0. The stability of the coupling may be attributed
to the fact that interpolating current J(x) contains only
light diquarks (antidiquarks) ǫabcq
T
a Cγ5q
′
b in color triplet,
flavor antisymmetric and spin 0 state, and which leads
to stable predictions.
s0=1.7 GeV
2
s0=1.8 GeV
2
s0=1.9 GeV
2
1.10 1.15 1.20 1.25 1.30 1.35 1.40
600
800
1000
1200
1400
M2(GeV2)
m
a
0
(M
e
V
)
M
2
=1.10 GeV
2
M
2
=1.25 GeV
2
M
2
=1.40 GeV
2
1.70 1.75 1.80 1.85 1.90
600
800
1000
1200
1400
s0(GeV
2)
m
a
0
(M
e
V
)
FIG. 1: The mass of the meson a0(980) as a function of the Borel parameter M
2 at fixed s0 (left panel), and as a function of
the continuum threshold s0 at fixed M
2 (right panel).
For ma0 and fa0 we find:
ma0 = 991
+29
−27 MeV, fa0 = (1.94± 0.04) · 10−3 GeV4.
(19)
The similar analysis of the sum rules for the mass and
coupling of the K∗0 (800) meson allows us to find the re-
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FIG. 2: The coupling fa0 of the a0 state as a function of M
2 at fixed s0 (left panel), and of s0 at fixed M
2 (right panel).
gions for the Borel and continuum threshold parameters
M2 ∈ [0.8, 1.0] GeV2, s0 ∈ [0.9, 1.1] GeV2, (20)
which lead to the following predictions:
mK∗ = 767
+38
−29 MeV, fK∗ = (1.71± 0.07) · 10−3 GeV4.
(21)
The sum rules predictions for mK∗ and fK∗ are plot-
ted in Fig. 3 as functions of the Borel parameter M2.
Their stability on M2 including a region s0 < 1 GeV
2
demonstrates correctness of the performed calculations.
Our result for the mass of the a0(980) meson is in
a nice agreement with the available experimental data
ma0 = 980 ± 20 MeV [1]. The latest measurement of
mK∗ performed by the BES Collaboration [36] and ex-
tracted from the decay J/ψ → K0SK0S π+π− is equal to
mK∗ = 826± 49 +49−34 MeV. (22)
From the process J/ψ → K ±K0S π∓π0 the same collab-
oration obtained (see, Ref. [37])
mK∗ = 849± 77 +18−14 MeV. (23)
As is seen, the experimental data are not precise, and the
central values for mK∗ are higher than our prediction.
Nevertheless, within the experimental and theoretical er-
rors they are compatible with each other. The mass and
coupling of the a0(980) and K
∗
0 (800) mesons calculated
in the present section will be used as input parameters
below to find their partial decay widths.
III. STRONG DECAY CHANNELS OF THE
a0(980) AND K
∗
0 (800) MESONS
In the light of the obtained results we can determine
the kinematically allowed strong decay channels of the
a0(980) and K
∗
0 (800) mesons. In the present paper we
restrict ourselves by studying only S−wave decays of
these mesons. It turns out that the dominant S−wave
strong decays of a0(980) are processes a0(980) → ηπ0
and a0(980)→ K+K−. For the meson K∗0 (800) the de-
cays K∗0 (800)→ K+π− and K∗0 (800)→ K0π0 are domi-
nant ones.
These decays proceed through rearrangement of the
quarks and antiquarks from the tetraquark to form two
conventional mesons. Mechanisms of these transforma-
tions are not quite clear, but there are interesting models
to explain these phenomena introducing, for instance, a
repulsive barrier between the diquark-antidiquark pair
[38]. The light cone sum rule method operates with fun-
damental quark-gluon degrees of freedom and uses first
principles of the QCD. In this approach one invokes only
an assumption on the quark-hadron duality to match the
phenomenological and theoretical expressions of the same
correlation function to derive the sum rules for quantities
of interest.
It is instructive to consider the mode a0(980) → ηπ0
in a detailed manner. In order to calculate the strong
coupling gaηpi we use QCD LCSR method and start from
analysis of the correlation function
Π(p, q) = i
∫
d4xeip·x〈π0(q)|T {Jη(x)J†(0)}|0〉, (24)
6s0=0.9 GeV2
s0=1.0 GeV2
s0=1.1 GeV2
0.80 0.85 0.90 0.95 1.00
500
600
700
800
900
1000
M2HGeV2L
m
K
*
HM
e
V
L
s0=0.9 GeV2
s0=1.0 GeV2
s0=1.1 GeV2
0.80 0.85 0.90 0.95 1.00
0.0
0.5
1.0
1.5
2.0
2.5
3.0
M2HGeV2L
f K
*
´
10
3 H
G
eV
4 L
FIG. 3: The mK∗ (left panel) and fK∗ (right panel) vs M
2 at fixed values of the continuum threshold parameter s0.
where J(x) and Jη(x) are the interpolating currents for
the a0(980) and η mesons, respectively. The interpolat-
ing current for the a0(980) is given by Eq. (2).
The situation with the choice of Jη(x) is more subtle
and deserves some explanations. The system of pseu-
doscalar mesons η−η′ has a complicated structure. In the
world of the exact flavor SUf(3) symmetry the mesons η
and η′ can be interpreted as the octet η8 and singlet η1
states of the flavor group, respectively. But in the real
world, where this symmetry is broken the physical parti-
cles are mixtures of the η8 and η1 states. Of course, the
mesons η and η′ are predominantly the η8 and η1 states,
nevertheless the mixing phenomenon can not be ignored.
This mixing can be described using the octet-singlet ba-
sis. Alternatively, the same phenomenon can be treated
employing the quark-flavor basis (see, Ref. [39] for de-
tails)
ηq =
1√
2
(
uu+ dd
)
, ηs = ss. (25)
The quark-flavor basis is more convenient to describe the
mixing in the η − η′ system and investigate different ex-
clusive processes involving these mesons [40]. The rea-
son is that in this scheme with rather high accuracy the
state and coupling mixing are governed by the same an-
gle, whereas in the η1−η8 basis one has to introduce two
mixing angles for the decay constants.
In the quark-flavor basis the interpolating current of
the η meson can be obtained through mixing from the
basic currents
Jq(x) =
1√
2
[
u(x)iγ5u(x) + d(x)iγ5d(x)
]
,
Js(x) = s(x)iγ5s(x), (26)
and reads
Jη(x) = Jq(x) cosϕ− Js(x) sinϕ,
where ϕ is the mixing angle.
The phenomenological side of the sum rule is obtained
by expressing Π(p, q) in terms of the strong coupling gaηpi
and physical parameters of the a0(980) and η mesons
ΠPhys(p, q) =
〈0|Jη|η(p)〉
p2 −m2η
〈η(p)π0(q)|a0(p′)〉
×〈a0(p
′)|J†|0〉
p′2 −m2a0
+ . . . , (27)
where mη is the mass of η the dots being stood for
contributions of excited states. The matrix element
〈a0(p′)|J†|0〉 has been introduced in the previous section,
and the vertex 〈η(p)π0(q)|a0(p′)〉 can be written down in
the following form
〈η(p)π0(q)|a0(p′)〉 = gaηpip · p′, (28)
where gaηpi is the coupling corresponding to the strong
vertex a0(980)ηπ
0. The last element in Eq. (27)
〈0|Jη|η(p)〉 is defined by the expression
〈0|Jη|η(p)〉 = − 1
2ms
(
hqη cosϕ− hsη sinϕ
)
(29)
and differs from the similar matrix elements of conven-
tional pseudoscalar mesons: here relevant comments are
in order. It is known that the axial-anomaly modifies the
matrix elements of the η and η′ mesons. Indeed, for h
s(q)
η
we have
hs(q)η = m
2
ηf
s(q)
η − 〈0|
αs
π
GAµνG˜
A,µν |η(p)〉, (30)
where 〈0|αspi GAµνG˜A,µν |η(p)〉 is the matrix element ap-
peared due to the U(1) axial-anomaly. The quantities
h
s(q)
η can be expressed in terms of the parameters hs, hq
and mixing angle ϕ
hsη = −hs sinϕ, hqη = hq cosϕ (31)
7which modifies Eq. (29)
〈0|Jη|η(p)〉 = − H
η
2ms
, (32)
where we introduce the short-hand notation Hη =(
hq cos
2 ϕ+ hs sin
2 ϕ
)
. In calculations we employ the nu-
merical values of hq and hs (in GeV
3)
hq = 0.0016± 0.004, hs = 0.087± 0.006 (33)
extracted from analysis of experimental data. The same
phenomenological analyses predict ϕ = 39.3◦ ± 1.0◦.
Then the physical side of the sum rule can be recast
into the form
ΠPhys(p) = −H
ηfa0ma0
2ms
m2
(p2 −m2)2 + ..., (34)
where m2 = (m2a0 +m
2
η)/2.
In the last equality we take into account that p = p′
and q = 0 , which is required when considering a vertex
composed of a tetraquark and two conventional mesons
[31]. In the case of vertices containing only ordinary
mesons calculation of the corresponding strong coupling
can be performed in the context of the LCSR method’s
full version: the limit q = 0 is known there as the
soft approximation. For tetraquark-meson-meson ver-
tices the full LCSR method reduces to its soft approxima-
tion, which is only way to compute the strong couplings.
Therefore, we use here technical tools elaborated in the
soft approximation by bearing in mind that in our case
this is only available approach to evaluate gaηpi. In the
limit q = 0 the correlation function ΠPhys(p) depends on
a variable p2, as a result we have to fulfil the one-variable
Borel transformation which yields
BΠPhys(p) = −H
ηfa0ma0m
2
2ms
e−m
2/M2
M2
+ . . . . (35)
We proceed by computing the QCD side of the sum rule.
It is easily seen that Jq(x) does not contribute to the
correlation function Π(p, q). Indeed, by substituting the
current Jq(x) into Eq. (24) and performing contractions
of the uu and dd fields from Jq(x) with relevant parts
of J(x) we get apart from light u, d-quark propagators
matrix elements of the local operators sΓis (here, Γ
j =
1, γ5, γλ, iγ5γλ, σλρ/
√
2 is the full set of Dirac matrices)
sandwiched between the π0 and vacuum
〈π0|s(0)Γis(0)|0〉,
which are identically equal to zero. In other words, only
− sinϕJs(x) component of the η meson’s current con-
tributes to the correlation function Π(p, q).
After some manipulations we get
ΠOPE(p) = sinϕ
∫
d4xeip·x
ǫǫ˜√
2
{[
γ5S˜
ib
s (x)γ5
×S˜eis (−x)γ5
]
αβ
(
〈π0|uaαudβ |0〉 − 〈π0|d
a
αd
d
β |0〉
)}
,(36)
where α and β are spinor indices.
Calculations of the correlation function in accordance
with recipes described in a rather detailed form in Ref.
[31] reveal that the matrix elements of the pion which
contributes to ΠOPE(p) are 〈0|uiγ5u|π0〉 and 〈0|diγ5d|π0〉
given, for example, in the form
√
2〈0|uiγ5u|π0〉 = fpiµpi, µpi = −2〈qq〉
f2pi
. (37)
In Eq. (37) fpi and 〈qq〉 are the pion decay constant and
the quark vacuum condensate, respectively. Then the
Borel transform of BΠOPE(p) = ΠOPE(M2) which is nec-
essary to derive the sum rule reads
ΠOPE(M2) = −fpiµpi
16π2
sinϕ
∫ ∞
4m2
s
dsse−s/M
2
− sinϕ
[
fpiµpi
16
〈αsG
2
π
〉 − fpiµpims
6
〈ss〉
]
. (38)
Equating the Borel transforms BΠPhys(p) and ΠOPE(M2)
we get the unsubtracted sum rule. But the sum rule
applicable to evaluate gaηpi can be obtained only after
subtracting the contributions of excited states and con-
tinuum. In the soft approximation an additional prob-
lem in this procedure is connected with contributions
to BΠPhys(p) of excited states, some of which even af-
ter Borel transformation remain unsuppressed [30], and
should be removed by applying the operator P(M2,m2)
(see, Ref. [41])
P(M2,m2) =
(
1−M2 d
dM2
)
M2em
2/M2 . (39)
As a result we derive our final sum rule for the strong
coupling
gaηpi = − 2ms
Hηfa0ma0m
2
P(M2,m2)ΠOPE(M2, s0), (40)
where ΠOPE(M2, s0) is given by Eq. (38) where the upper
limit of the integral ∞ is replaced by s0.
The decay process a0(980) → K+K− is investigated
by the same manner. The differences here are connected
with the correlation function
ΠK(p, q) = i
∫
d4xeip·x〈K+(q)|T {JK−(x)J†(0)}|0〉,
(41)
with the interpolating current JK
−
(x)
JK
−
(x) = ui(x)iγ5s
i(x), (42)
and also the matrix element of the K mesons
〈0|uiγ5s|K−(p)〉 = fKm
2
K
ms
. (43)
In Eq. (43) mK and fK are the K
± mesons’ mass and
decay constant, respectively. After relevant replacements
8the phenomenological side of sum rule is obtained from
Eq. (27), whereas for ΠOPEK (p, q) we get
ΠOPEK (p, q) = i
2
∫
d4xeip·x
ǫǫ˜√
2
[
γ5S˜
ib
s (x)γ5S˜
di
u (−x)γ5
]
αβ
×〈K+(q)|uaα(0)se(0)|0〉. (44)
The following operations are standard manipulations,
therefore we write down only the final sum rule for the
strong coupling ga0KK
gaKK =
ms
ma0fa0m
2
KfKm˜
2
P(M2, m˜2)ΠOPEK (M2, s0),
(45)
where m˜2 = (m2a0 +m
2
K)/2 and
ΠOPEK (M
2, s0) = − fKm
2
K
16
√
2π2ms
∫ s0
4m2
s
dsse−s/M
2
+
fKm
2
K
16
√
2ms
〈αsG
2
π
〉 − fKm
2
K
12
√
2
(2〈uu〉 − 〈ss〉) . (46)
For the strong couplings gK∗Kpi and gK∗K0pi0 we ob-
tain:
gK∗Kpi =
ms
mK∗fK∗m2KfKm
2
1
P(M2,m21)ΠOPE1 (M2, s0),
(47)
and
gK∗K0pi0 =
ms
mK∗fK∗m2K0fK0m
2
2
P(M2,m22)ΠOPE2 (M2, s0),
(48)
where m21 = (m
2
K∗ +m
2
K)/2 and m
2
2 = (m
2
K∗ +m
2
K0)/2,
respectively. The correlation functions in Eqs. (47) and
(48) are given by the expressions
ΠOPE1 (M
2, s0) = −fpiµpi
16π2
∫ s0
m2
s
dsse−s/M
2
−fpiµpi
16
〈αsG
2
π
〉+ fpiµpims
12
(2〈uu〉 − 〈ss〉) , (49)
and ΠOPE2 (M
2, s0) = Π
OPE
1 (M
2, s0)/
√
2.
Sum rules obtained for the strong couplings gaηpi,
gaKK , gK∗Kpi and gK∗K0pi0 will be used to determine the
partial decay widths of the mesons a0(980) and K
∗
0 (800).
IV. NUMERICAL ANALYSIS
In numerical computations of the strong couplings for
the quark and gluon condensates we utilize their values
presented in Eq. (15). Apart from these parameters we
also employ the masses and decay constants of the π and
K mesons: for the pionmpi± = 139.57061±0.00024MeV,
mpi0 = 134.9770± 0.0005 MeV and fpi = 131 MeV and
for the K meson mK± = 493.677± 0.016 MeV, mK0 =
497.611± 0.013 MeV and fK = 155.72 MeV.
We have employed the different working regions for the
Borel parameter M2 and continuum threshold s0 when
considering decays of the a0(980) and K
∗
0 (800) mesons:
these windows have been chosen in accordance with stan-
dard constraints of the sum rule computations explained
in the section II. For the strong couplings gaηpi and gaKK
the Borel and continuum threshold parameters are varied
within the limits
M2 ∈ [1.1− 1.4] GeV2, s0 ∈ [1.9− 2.1] GeV2. (50)
The corresponding sum rules lead to the following pre-
dictions (in units of GeV−1)
gaηpi = 5.36± 1.41 , gaKK = 9.10± 2.76. (51)
It is known that a stability of the obtained results on
M2 and s0 is one of the important constraints imposed
on sum rule computations. As an example, in Fig. 4
we plot the coupling gaηpi as a function of M
2 and s0.
It is evident that gaηpi depends on M
2 and s0 , which
generates essential part of uncertainties in the evaluated
quantities. It is also seen that these ambiguities do not
exceed ∼ 30% of the central values which is acceptable
for the sum rules computations.
For the partial decay width of the processes a0(980)→
ηπ0 and a0(980)→ K+K− we get
Γ
[
a0(980)→ ηπ0
]
= 50.57± 13.87 MeV,
Γ
[
a0(980)→ K+K−
]
= 11.44± 3.76 MeV. (52)
The total width of the meson a0(980) is formed mainly
due to the decay channels a0(980)→ ηπ0 and a0(980)→
K+K−: we assume that P−wave decays do not modify it
considerably. Therefore it seems reasonable to compare
Γth. = 62.01±14.37 MeV which is the sum of two partial
decay widths with the available information on Γexp . =
50−100 MeV noting a full overlap of these results. As we
have noted above, experimental data for the total width
of the light scalar mesons suffer from large uncertainties.
Therefore, we can state that our theoretical prediction
does not contradict to the present-day experimental data.
The strong decays of the meson K∗0 (800) can be ana-
lyzed in the same way. In the case of theK∗0 (800) meson’s
decays we use
M2 ∈ [0.8− 1.0] GeV2, s0 ∈ [1.2− 1.5] GeV2, (53)
and find for the strong couplings (in GeV−1)
gK∗Kpi = 19.46± 5.64 , gK∗K0pi0 = 13.47± 3.91. (54)
The partial decay widths are equal to
Γ
[
K∗0 (800)→ K+π−
]
= 270.39± 78.42 MeV,
Γ
[
K∗0 (800)→ K0π0
]
= 130.69± 37.91 MeV. (55)
Then using these two decay modes for the total width of
K∗0 (800) we get Γth. = 401.1 ± 87.1 MeV. Experimen-
tal data borrowed from Refs. [36, 37] predicts Γexp . =
449 ± 156 +144−81 MeV and Γexp . = 512 ± 80 +92−44 MeV,
respectively, which have rather imprecise nature. It is
seen that our result is compatible with these data.
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FIG. 4: The strong coupling ga0ηpi as a function of the Borel parameter M
2 (left panel), and of the continuum threshold s0
(right panel)
.
V. DISCUSSION AND CONCLUDING NOTES
Investigation of the scalar mesons a0(980) andK
∗
0 (800)
by modeling them as diquark-antidiquarks carried out in
the present work has allowed us to explore the suggestion
about exotic nature of these resonances. Using the well-
known QCD sum rule method we have calculated their
masses and total widths. To this end, we have employed
the interpolating currents J(x) and JK
∗
(x) defined by
Eqs. (2) and (12), respectively.
Our investigation has demonstrated that single cur-
rents can be successfully applied to interpolate the light
scalar mesons. In this point we do not agree with Ref.
[20], in which the authors excluded single interpolating
currents as ones that do not lead to reliable predictions.
An accuracy of theoretical calculations performed in our
work exceeds an accuracy of similar computations in Ref.
[20]. Thus, in our study we have taken into account not
only terms up to dimension ten instead of eight, but also
used in calculations more precise expression for the quark
propagator. It is possible that conclusion made Ref. [20]
is connected with these circumstances.
Our result for the mass of the a0(980) agrees with ex-
perimental data. Its total width evaluated using two
S−wave dominant strong decay channels is also in ac-
cord with the data, because our result lies entirely in
the experimental region Γexp . = 50 − 100 MeV. The
situation with experimental information on the param-
eters of the K∗0 (800) meson is worse than in the case of
a0(980). Thus, available data on both the mass and total
width of this scalar meson in rather imprecise and suffers
from large uncertainties. The predictions obtained in the
present work do not contradict to last experimental mea-
surements, nevertheless reliable conclusions can be made
only on basis of a more precise experimental information.
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